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Giri RiverAbstract This study focuses on suggesting short term corrective measures for improving water
supply to Shimla city which is the state capital of Himachal Pradesh in India. The city is getting
water supply from seven sources located in three watersheds, namely, Nauti, Ashwani and Giri
watershed. Nauti and Ashwani watersheds have fully been tapped but Giri watershed is partly
tapped. Presently, only 20 MLD (million litres per day) of water is being drawn from Giri River
which is about 37% of the present water demand.
Resource assessment in Giri watershed was accomplished using Remote Sensing Techniques and
GIS based Arc-SWAT Hydrological Model. Study has established that average annual precipita-
tion in the Giri watershed for 26 years (1984–2010) is about 1011.44 mm, out of which about
32% ﬂows as runoff, 12% as groundwater and about 56% as evapotranspiration. The monthly
inﬂow varies from 0.37 to 18.93 m3/s and 75% annual dependable discharge is 2.80 m3/s at the exist-
ing Headworks.
Being ungauged watershed there are no statistical data for validation of results. However consid-
ering Water Balance Equation as the validation criteria, coefﬁcient of correlation ‘‘R’’ between
observed Rainfall and simulated Runoff was found to be 0.94 which validates the output.
Results were further validated through actual measurement of inﬂow in lean period, which surpris-
ingly has shown very good correlation (R= 0.95) between simulated and observed stream ﬂow.
Model output further reveals that the excess inﬂow can be utilized to fulﬁll additional water demand
of 42.61 MLD (2031) for Shimla city by creating storage of about 1.12 MCM (million cubic metres).
 2015 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Strategic planning is to plan today for an uncertain tomorrow.
It takes into account both predictable and non-predictable
issues that will arise in future. Resource assessment is the basic
86 S.K. Sharma et al.input for the strategic and sustainable planning of any water
system. The selected source of water supply must be reliable,
dependable and sustainable throughout the entire economic
life of the project. Strategic planning includes (i)
Development of a strategic road map (ii) Deﬁning service area
(iii) Assessment of a system’s capacity (technical, ﬁnancial and
managerial) (iv) Identiﬁcation of options (v) Analysis and
assessment of options (vi) Formulation of the action plan
and (vii) Evaluation of options.
A study to formulate an Integrated Water Management
Plan (IWMP) to meet future water demands of Bangalore city
in India having a population of over seven million was con-
ducted by Bangalore Water Supply and Sewerage Board
(Narayana et al., 2012). In this study short term and long term
strategies suggested using sustainable solutions for efﬁcient
management of water cycle combined with reuse of treated
wastewater.
World Bank Study, 2008 on ‘‘Inefﬁciency of Rural Water
Supply Schemes in India’’ has studied the effectiveness of rural
water supply schemes in India during 2008 in the states of
Andhra Pradesh, Karnataka, Kerala, Maharashtra, Orissa,
Punjab and Tamilnadu. The study has looked at various
aspects of inefﬁciency along with the cost of water and sources
of inefﬁciency i.e. (i) High capital cost (ii) High institutional
cost (iii) Existence of multiple schemes serving the same popu-
lation and (iv) unsatisfactory performance of the scheme in
terms of quantity of water supply in relation to design supply
along with measures to address them.
In another study ‘‘Urban water supply in India: Status,
Reforms, options and possible lessons’’ (McKenzie and Ray,
2009), experience in India was used as lens, through which
the problems of access of water in urban areas and various
options available for reform have been visualized. While each
country faces unique challenges and opportunities, the scope
and range of Indian experiences provide insights and caveats
for many underdeveloped nations.
Soil Water Assessment Tool (SWAT) having an interface
with Arc-View GIS software was also used successfully for
estimation of runoff and sediment yield from an area of Suni
to Kasol, an intermediate watershed of Satluj River, located
in Western Himalayan region in a study ‘‘Simulation of
Runoff and Sediment Yield for a Himalayan Watershed
Using SWAT Model’’ (Jain et al., 2010) which is an adjoining
watershed.
Arc-Swat model is widely being used for water balance
analysis throughout the world. In India, a water balance study
‘‘Application of semi-distributed hydrological model for basin
level water balance of the Ken basin of Central India’’ has
been done successfully with Arc-SWAT Hydrological Model.
In this study it has been established that average annual rain-
fall of Ken basin for 25 years (1985–2009) is about 1132 mm,
out of which about 23% ﬂows as surface runoff, 4% as
groundwater and about 73% as evapotranspiration (Murty
et al., 2014).
A study ‘‘Hydrological Modeling using SWAT model and
geoinformatic techniques’’ was accomplished to estimate the
runoff and sediment yield in the Satluj Basin up to the
Bhakra Dam. By providing all inputs for the model set up,
SWAT model was simulated for the period of 30 years
(1980–2010). After successful execution of the model, it shows
the sediment yield highest in April and May months with total
sediment loading of about 51.27 T/HA. Average annualsurface runoff is about 79.67 mm. The study is of immense
importance for reservoir management of the Bhakra dam of
the Satluj Basin (Panhalkar, 2014).
In a study ‘‘Hydrological interfaces from watershed analy-
sis for water resource management using remote sensing and
GIS techniques’’ importance of digital elevation model
(DEM) and satellite images was highlighted for assessment
of drainage and extraction of their relative parameters for
the Orr watershed Ashok Nagar district, M.P., India. This
study reveals that SRTM DEM based hydrological evaluation
at watershed scale is more applied and precise compared to
other available techniques (Singh et al., 2014).
In another study ‘‘Assessment of Hydrological changes in
the Nile River due to the construction of Renaissance Dam
in Ethiopia’’ impact of the Renaissance Dam (Ethiopia) on
the Nile discharge has been assessed. The Renaissance Dam
allows the creation of a 100 m deep reservoir with total storage
capacity of 17.5 km3; overﬂow will occur at the lake’s level
(606 masl) from the northern west part of the developed lake
into Rosaries downstream. The negative hydrological impacts
of the Renaissance Dam will increase by increasing the height
of its spillway dam, as increasing the height will increase the
storage capacity which could affect the strategic storage for
the reservoirs in Egypt and Sudan (Bastawesy et al., 2015).
Shimla – an important hill station is the capital city of the
state of Himachal Pradesh with a permanent and a ﬂoating
population (2011 Census) of 235,970 and 76,000 respectively.
Its geographical location is Longitude 771002000 East and
Latitude 31601200 North (Fig. 1). Due to uneven topography,
altitude of the city varies from 1507 to 2454 m above mean
sea level. The average annual rainfall is 1577 mm with average
84 rainy days. The city sprawls over the spurs of central
Himalaya with steep slopes in the south of River Satluj
(Shimla-Wikipedia, 2012).
In Shimla city water system, inadequacy of sources is the
most critical issue which has been addressed in this study as
a short term strategic planning. Water supply for Shimla was
initially installed by the Britishers in the year 1875 for a pop-
ulation of 16,000. Over the period of time, the city grew both
geographically and demographically and water demand
increased manifold resulting in expansion of the Shimla water
supply system into seven independent water supply schemes.
Present capacity of existing 7 sources is 54.54 MLD, out of
which 20 MLD is being drawn from Giri River. Water is being
produced and transmitted upto main storage tanks by
Irrigation cum Public Health (I&PH) Department, a state
Govt. agency, whereas the Shimla Municipal Corporation
(SMC) is involved for further distribution to the consumers.
Digital elevation model of watersheds pertaining to Shimla
water supply is shown in Fig. 2. Present sources exist in
Ashwani (3 sources), Nauti (3 sources) and Giri watershed (1
source). Ashwani and Nauti watersheds have fully been tapped
and practically there is no scope of further abstraction. In the
case of Giri River scope of additional drawl is there.
Shimla Planning Area (Shimla city), comprising of the
Shimla Municipal Corporation area, Dhalli, New Shimla,
Tutu, Kufri, Shoghi and Ghanahatti is the only Class I city
in the state of Himachal Pradesh (Government of Himachal
Pradesh, 2005). Existing water supply system in Shimla city
is shown in Fig. 3. Based on the Census population data from
1971 to 2011, the projected population of the Shimla Planning
Area (Shimla city) as per mathematical formulae and growing
Figure 1 Map of study area (Shimla city).
Figure 2 Digital elevation model of watersheds.
Strategic planning for improvement of water supply 87gap between future demand and supply of water has been
worked as per approved demand norms (Sharma et al., 2013)
shown in Fig. 4(a and b) and in Table 1.
Projected water deﬁcit by 2031 is 42.61 MLD (Table 1).
Adding 20 MLD, presently being drawn from Giri River and
3.00 MLD for miscellaneous drawls, total future abstraction
upto existing headworks shall be 65.61 MLD (0.76 m3/s).To handle the additional drawl, capacity of the existing infras-
tructure like water treatment plant, pumping machinery,
pumping mains etc. in the case GIRI water supply scheme
has to be enhanced.
Existing water system for Shimla city is a non-storage type.
There is a scope of drawing additional water from Giri water-
shed as generated catchment upto headworks (pumping
Figure 3 Existing water supply network in Shimla city.
Figure 4 (a) Projected population; (b) Demand–Supply.
88 S.K. Sharma et al.station) is 494.64 km2. The watershed is ungauged and no real
time data about discharge is available. In this study runoff in
the Giri River has been simulated using SWAT hydrological
model on the basis of SWAT inputs. The average monthly ﬂow
hydrograph at headworks will be helpful for designing/remod-
eling the existing GIRI water system so that it can fulﬁll the
additional water demands of the Shimla city upto 2031 with
minimum capital investment.
2. Study area
Shimla Planning Area (SPA) having the geographical location
of Longitude 771002000 East and Latitude 31601200 North is
the study area (Fig. 1). In this study, the possibility of meeting
additional water demand (42.61 MLD) for Shimla Planning
Area upto 2031, by additional abstractions from Giri water-
shed has been explored. Giri watershed is located between
Longitude 77150000 to 77400000 East and Latitude 3100000 to
31150000 North (Fig. 6). Catchment area of the watershed is
494 km2 up to Giri Headworks and 544 km2 up to a monitor-
ing point. Giri River is a major source of drinking water forShimla city. Presently 20 MLD (37% of total supply) of water
is being drawn from the Giri River near Sainj about 42 km
away from Shimla. The existing system has been designed
without storage, keeping in view the lean period discharge of
the river. No study has been conducted so far for resource
assessment in this ungauged watershed. Existing 7 Sources of
WSS Shimla are situated in Ashwani watershed (3 i.e. S1, S2
and S5), Nauti watershed (3 i.e. S3, S4 and S7) and Giri water-
shed (1 i.e. S6) (Fig. 2). Catchment Area of Giri watershed is
565 km2 which is quite large in comparison with Nauti water-
shed (201 km2) and Ashwani watershed (129 km2) within geo-
graphical area of district Shimla.
Soil and Water Assessment Tool (SWAT) which is a phys-
ical model is an efﬁcient tool to predict runoff, erosion, sedi-
ment load and nutrient transport in a watershed. In this
study SWAT is used to predict runoff only. Simulation of
stream ﬂow in Giri watershed was accomplished through
SWAT distributed hydrological model using ASTER-DEM,
LANDSAT Satellite imageries at 30 m resolution, soil physical
properties and daily weather data to determine spatio-tempo-
ral water availability in the Giri river system at a particular
Table 1 Gaps between demand and supply under Shimla
Planning Area.
Year Population Floating
population
Demand* Supply** Deﬁcit***
(MLD) (MLD) (MLD)
1981 95,851 30,000 24.32 22.40 1.92
1991 129,827 40,000 32.67 22.40 10.27
2001 174,789 56,000 44.06 30.00 14.06
2011 235,970 76,000 59.29 54.54 4.75
2013 248,976 70,800 62.59 54.54 8.05
2021 300,658 100,000 75.81 54.54 21.27
2031 384,719 131,579 97.15 54.54 42.61
2041 493,290 173,130 124.87 54.54 70.33
2051 635,484 227,803 161.17 54.54 106.63
2061 823,870 299,741 209.14 54.54 154.60
2071 1,076,587 394,396 273.19 54.54 218.65
Bold values signiﬁes that the short term strategic planning has been
suggested in this study as per additional water requirement upto
2031.
* Demand includes domestic, ﬂoating population, institu-
tional/commercial, industrial, public use, losses/thefts and ﬁre
demand. Domestic demand @ 135 liters per capita per day
(LPCD), Floating population @135 LPCD, institutional/commer-
cial @ 20 LPCD, industrial use @10 LPCD, public use @10
LPCD, losses/ thefts @ 15%. Fire demand: Q ¼ 100 ﬃﬃﬃPp where Q in
KL and P population in thousands. (Source: IS: 1172-1993 and
CPHEEO, MoRD, Manual on Water Supply & Treatment, Govt.
of India).
** Existing sources are tributaries/sub-tributaries of River Satluj
(Nauti Khad, Chair Nallah), River Yamuna (Ashwani khad,
Cherot Nallah, Dhalli catchment & Giri River).
*** Deﬁcit calculated assuming no depletion in the sources (MLD:
million liters per day).
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of existing Giri Headworks and monitoring point is shown
in Fig. 6. Hydrological modeling is done to assess the addi-
tional water demand that can be fulﬁlled from this watershed
through source augmentation.
2.1. Issues of water supply
(a) Inadequate water sources: The available water sources in
existing watersheds (except Giri watershed) have been
tapped to the fullest extent possible.
(b) Leakage of water: The leakage to the extent of 33% not
only causes revenue loss, but is also one of the reasons
for inadequate water supply in certain areas.
(c) Service delivery: Only 70% of the households in the
Shimla Planning Area have private water supply pipe
connections. The average distribution time is only
45 min characterized by low pressure.
(d) Cost of production of water: Production cost of water is
$0.89 per kilo liters (2014) in comparison with water
charges of $0.286 per kL being recovered by the IPH
department for bulk supply to the Shimla Municipal
Corporation. Municipal Corporation further charges
on an average @ $ 0.25 per kL from the consumers.
(e) Heavy subsidy on water supply: The cost of production
of water and water charges from end users in Shimla
does not match. The water supply has been highly sub-
sidized to the extent of about 72% for domesticconsumers. Existing water tariff structure though con-
forms to affordability and other social obligations but
it does not ensure Economic Efﬁciency, Cost Recovery
and Financial Stability.
(f) Resource availability: No study has been conducted so
far for resource assessment in the existing watersheds,
so that additional future water demand could be
addressed scientiﬁcally.
3. Hydrological modeling
Hydrological modeling is a simpliﬁed and conceptual represen-
tation of the part of hydrologic cycle. In the second half of the
Nineteenth Century different mathematical models were devel-
oped primarily to determine the peak ﬂow of the design of var-
ious hydraulic structures, bridges, ﬂood protection works,
drainage system, etc. (Gosain et al., 2009). Mulvaney (1851)
developed a simplest hydrologic model using rational formula.
Later on, for large and homogeneous basin, the method was
modiﬁed to include the effect of non-uniform rainfall distribu-
tion and spatial variation of watershed characteristics.
Sherman (1932) developed the Unit Hydrograph Model based
on principle of linearity and superposition. The superposition
principle is based on assumptions that catchment behaves like
a linear, dynamic and time variant contributing system with
respect to the rainfall–runoff conversion. During 1950s, system
approach was used for analysis of complex dynamic systems.
The response function was obtained from the analysis of input
and output data with representative mathematical expressions.
Continuous hydrologic simulations were developed during
the 1960s through conceptual models. Unlike event models
these continuous hydrologic models account for soil moisture
balance in a watershed over a long-term period and are cap-
able of simulating daily, monthly, and seasonal stream ﬂow
(Ponce, 1989). Pereira et al. (1962) developed an early applica-
tion of continuous hydrologic models. Later on many models
were developed like Dawdy and O’Donnell (1965), Stanford
Watershed Model (SWM), Hydrologic Simulation Package-
Fortran IV (HSPF) (Crawford and Linsley, 1966; Bicknell
et al., 1997), Sacramento (Burnash et al., 1973), the
Precipitation-Runoff Modeling System, or PRMS (Leavesley
et al., 1983) etc. The performance of these models is controlled
by the processes of drainage system. The parameters are esti-
mated by optimization procedure. These models are quite use-
ful but not suitable for ungauged catchments in the absence of
long term data for calibration (Gosain et al., 2009).
For reliable estimation of runoff from ungauged catch-
ments the concept of distributed hydrological models has been
introduced. Distributed models are structured to take into
account the spatial variations of catchment characteristics rep-
resented by network of grid point data (Refsgaard, 1997). The
very ﬁrst outline of distributed physically based model was
developed by Freeze and Harlan (1969). Thereafter several
models came into the picture such as Syste`me Hydrologique
Europe´en (SHE) (Abbott et al., 1986; Bathurst and
O’Connell, 1992; Refsgaard and Storm, 1995), Institute of
Hydrology Distributed Model (IHDM) (Beven et al., 1987)
and the THALES (Grayson et al., 1992), Basin Scale
Hydrological Model (BSHM) (Yu and Schwartz, 1998), Soil
and Water Assessment Tool (SWAT) (Arnold et al., 1998) etc.
Table 2 Input data base for SWAT simulation.
Database Parameters and Source of procurement
Climatic
database
Daily rainfall and metrological data
(Rainfall, temperature, wind speed, relative
humidity, solar radiation) (1984–2010)
IMD, NASA, NICRA, SWAT global data,
http://www.indiawaterportal.org/data/metdata
http://www.nicra-icar.in/
http://eosweb.larc.nasa.gov./sse
http://globalweather.tamu.edu/home/view/
Soil database Soil physical properties
(Texture, bulk density, available water capacity,
saturated conductivity, soil albedo, organic
carbon, etc.)
National Bureau of Soil Survey and Land Use
Planning, Nagpur, India
(Soils of Himachal Pradesh) NBSS Publication 57
(B) +2 Sheets of soil map (1:500,000 scale)
Topography Advanced space-borne Thermal Emission and
Reﬂection-global digital elevation model
(ASTER-GDEM) elevation & slope, 30 m
resolution (2010)
http://www.gdem.aster.ersdac.or.jp/
Land-use Land use, Land cover map/Satellite imageries
(LANDSAT-TM) 30 m resolution (2010)
Land-cover
database
http://www.usgs.glovis/
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the United States Department of Agriculture (USDA),
Agricultural Research Service, in early 1990s, is able to simu-
late the land phase of the hydrologic cycle in daily, monthly
and yearly time steps. Due to non-availability of requisite
input data and heterogeneity of the system, stream ﬂow assess-
ment in ungauged watershed is one of the most challenging
tasks in surface hydrology. SWAT is a distributed and contin-
uous time simulation model that can be used for stream ﬂow
assessment even in ungauged watersheds as it does not require
much calibration like other conventional models (Gosain
et al., 2011).
SWAT is a physically based model. It requires speciﬁc
information about topography, vegetation, land management
practices, hydro-meteorological data (rainfall, temperature,
relative humidity, wind speed, solar radiation, etc.), soil phys-
ical properties (texture, bulk density, available water capacity,
saturated conductivity, soil albedo, organic carbon, etc.) in the
watershed. The physical processes associated with water move-
ment, sediment movement, crop growth, nutrient cycling, etc.
are directly modeled by SWAT using these input data. The
SWAT model is designed to assess stream ﬂow and sediments
from individual watershed.
The SWAT hydrological model can be used for the assess-
ment of existing and anticipated water uses and water deﬁcits.
It provides a complete account of water quantity supplied to
the land by precipitation; entry into streams as surface runoff;
used and returned to the atmosphere by natural vegetation,
agricultural crops, and evaporation; percolating through the
root zone and contribution to groundwater recharge.
SWAT model output includes all water balance compo-
nents (surface runoff, evaporation, lateral ﬂow, recharge, per-
colation, sediment yield etc.) at the level of each watershed and
is available in daily, monthly or annual time steps. Model,
though appears to be complex but such a complexity is essen-
tial to provide the basic requirement to evaluate the water bal-
ance and impacts of local interventions in the watershed both
on the upstream and downstream sides. SWAT model is com-
putationally efﬁcient and scientiﬁcally acceptable. Simulation
of very large basins can be performed without excessive invest-
ment of time or money.
4. Methodology
Soil and Water assessment Tool (SWAT) which is a data dri-
ven physical model is an efﬁcient tool to predict runoff, ero-
sion, sediment load and nutrient transport in a watershed
using data comprising of topography, soil and climate etc.
There is no reservoir in the Giri watershed. In this study
SWAT is used to predict runoff in the Giri River watershed
keeping in view its efﬁciency, accuracy and universal accept-
ability. Resource assessment was accomplished using Arc-
SWAT Hydrological Model which is very useful for ungauged
watersheds.
4.1. Input data
The SWAT input database comprises of climatic, soil, topo-
graphic and land use land cover database. Daily rainfall and
temperature are two major inputs to SWAT simulation which
are taken as per Indian Meteorological Department (IMD)records maintained for the whole country, available on the
NICRA (National Initiative on Climate Resilient
Agriculture) website which is a network project of Indian
Council of Agricultural Research (ICAR) and India-Water-
Portal website. District wise daily rainfall and temperature
data (weighted mean) as per existing rain gauge stations in
respect of any district in India are available on NICRA web-
site. In Shimla district, IMD controlled rain gauge stations
are located at Junga, Theog, Sunni, Chopal, Jubbal, Rohru,
Kotgrah and Rampur where daily rainfall and temperature
data are being recorded and after processing at district level
being sent to IMD on a regular basis. Other weather parame-
ters viz. wind speed, solar radiation and relative humidity have
been downloaded from National Aeronautics and Space
Administration (NASA) and SWAT Global data websites
which are authenticated sources. Topographic and land use
land cover data base are prepared after processing satellite
images at 30 m resolution of the study area. The brief descrip-
tion of the database, period and its source for procurement is
tabulated below in Table 2.
Digital elevation model, drainage map, land use land cover
map and soil map of Giri watershed drawn using ERDAS
IMAGINE and Arc-GIS, are shown in Figs. 5–8.
Digital elevation model (Fig. 5) indicates that elevation
within the Giri watershed varies from 1089 to 3221 m above
mean sea level. There is no permanent snow line which is gen-
erally available above 4000 m elevation. Snow melt contribu-
tion is there in river runoff during winters, but still the river
is primarily rain-fed. Land use land cover map (Fig. 7) indi-
cates major area under Forest cover (48%) followed by barren
land (40%), settlement (6%), vegetation (5%) and water
Figure 5 Digital elevation model of Giri watershed.
Figure 6 Drainage map of Giri watershed.
Strategic planning for improvement of water supply 91bodies only 1%. The area falls under lesser Himalayas region.
The major constraints of the area are rock outcrops on steep
slopes, shallow soil depth, low available water capacity
(AWC) and severe water erosion. The predominant soil classi-
ﬁcation area under study area is ﬁne loamy (54%) followed by
ﬁne loamy calcareous (23%), sandy skeletal (14%), coarse
loamy (8%) and loamy skeletal (1%) (Fig. 8).Weather parameters in the study area for the period 1984–
2010 are (i) Average annual precipitation (1011 mm), (ii)
Temperature (4.4 C to 39.4 C), (iii) average wind speed
(3.15 m/s), (iv) average solar radiation (19.13 MJ/m2) and (v)
average relative humidity (0.56). Input/output ﬁles docu-
mented as per SWAT documentation manual (Neitsch et al.,
2010).
Figure 7 Land use land cover map of Giri watershed.
Figure 8 Soil map of Giri watershed.
92 S.K. Sharma et al.5. Results and validation
SWAT model runs successfully with available spatial/non-spa-
tial data in respect of Giri watershed as mentioned above and
stream ﬂow in the reach and water yield in the sub-basin are
simulated. Sensitivity Analysis, which is an inbuilt mechanismto rank the most sensitive parameters, that affect the output,
was done before calibration. SWAT model does not require
elaborate calibration if basic characteristics of the basin are
incorporated correctly in the model (Gosain et al., 2005). In
this study calibration is done for key sensitive parameters for
validation of output (Table 3).
Table 3 Key sensitive parameters.
Parameters Units Default value Calibrated value
CN (Curve number) NA varies 10% decrease
SOL_AWC (Soil water available capacity) mm H2O/mm soil 0.09–0.19 0.113
ESCO (Soil evaporation compensation factor)
GW-REVAP (Rate of transfer from shallow aquifer to root zone) NA 0.02–0.2 0.2
REVAPMN (Threshold water depth in shallow aquifer for
percolation to deep aquifer to occur)
mm 1.00 0.0
GWQMN (Threshold water depth in shallow aquifer reqd. for
base ﬂow to occur)
mm 0.00 0.0
CH_N2 (Manning’s ‘‘n’’ value for the main channel) NA 0.014 0.025
Strategic planning for improvement of water supply 93Average annual output of the SWAT model at Outlet O1
(Giri Headworks) for the period from 1986 to 2010 has been
discussed as under:Outlet (Existing Giri Headworks)Figure 9O1 (Giri Headworks Fig. 6)Sub basin area (km2) 494.6 km2Precipitation (mm H2O) 1011.44 mm H2OSnowmelt (mm H2O) 14.88 mm H2OActual evapotranspiration (mm) 571.28 mmSoil water (mm) 35.50 mmPercolation (mm) 174.50 mmSurface runoﬀ (mm H2O) 68.19 mmGW-Contribution (mm) 57.88 mmwater yield WYLD (mm H2O) 321.10 mmWater yield (mm H2O) WYLD, is the net amount of water that
leaves the sub basin and contributes to stream ﬂow in the reach
during the time step. (WYLD= SURQ (surface runoff
contribution) + LATQ (Lateral ﬂow contribution) + GWQ
(Ground water ﬂow contribution from shallow aquifer) 
TLOSS (Transmission losses in the reach)  Pond abstrac-
tions). Study has established that average annual precipitation
in the Giri watershed (study area) for 26 years (1984–2010) is
about 1011.44 mm, out of which about 32% ﬂows as runoff,
12% as groundwater and about 56% as evapotranspiration.
Graphical representation of the generated average SWAT
model outputs for the sub-basin up to Giri Headworks
(Fig. 6) is shown in Fig. 9(a and b), Fig. 10(a and b) and
Fig. 11(a and b).
Fig. 9(a) indicates that there is no depletion of the source
and also there is ample scope of storage during monsoon(a) Annual average stream ﬂoperiod which can be used to fulﬁll the water demand during
lean period without affecting the riparian rights of the down-
stream population. Monthly simulated inﬂow hydrograph
(Fig. 9b) reveals that water resource available in monsoon
period (June–September) is not being utilized at present.
Fig. 10(a) reveals that 75% dependable annual ﬂow is
about 2.08 m3/s and Fig. 10(b) reveals that Rainfall–Runoff
model is a linear equation Y= 0.641 X  327.5 where X is
annual rainfall in mm and Y is annual Runoff in mm.
Fig. 11(a) depicts the year-wise graphical representation of
precipitation, actual evapotranspiration and water yield
(Stream ﬂow). Average annual precipitation in the study area
for 26 years (1984–2010) is about 1011.44 mm, out of which
about 32% ﬂows as stream ﬂow (water yield) and about
56% as evapotranspiration.
5.1. Validation
Giri watershed is an un-gauged watershed and as such no sta-
tistical data of observed ﬂow are available for validation of
results. However, considering Water Balance Equation as the
validation criteria, a Rainfall–Runoff Model has been devel-
oped for this watershed which is a linear equation
Y ¼ 0:641X 327:5 where X is rainfall (mm) and Y gives
Runoff (mm) in the sub-basin with coefﬁcient of determination
(R2) as 0.889 and correlation coefﬁcient (R) as 0.94 indicating
very good correlation and validates the model output
(Fig. 10b). Further, the simulated average stream ﬂow in lean
period (January–May, period 2001–2010) is reasonably accept-
able having coefﬁcient of determination (R2) as 0.916 and cor-
relation coefﬁcient (R) as 0.95 between observed lean period
stream ﬂow near Giri Headworks (pumping station) as shown
in Fig. 11(b).w; (b) Monthly average stream ﬂow.
Figure 10 (a) Exceedance probability; (b) Rainfall vs simulated runoff.
Figure 11 (a) Annual precipitation, actual evapo-transpiration, water yield; (b) Observed vs simulated lean period ﬂow.
Table 4 Calculation of storage required in Giri watershed.
Month Mean inﬂow
(Simulated)
Inﬂow
volume
Average
demand
Demand
volume
Departure Cumulative excess
demand volume
Cumulative excess
inﬂow volume
(Cumec) (Cumec-day) (Cumec) (Cumec-day) (Cumec-day) (Cumec-day) (Cumec-day)
1 2 3 4 5 6(3–5) 7 8
Jan 2.66 82.42 0.76 23.56 58.86 58.86
Feb 4.41 123.44 0.76 21.28 102.16 161.02
Mar 4.43 137.28 0.76 23.56 113.72 274.75
Apr 1.09 32.78 0.76 22.8 9.98 284.73
May 0.47 14.68 0.76 23.56 8.88 8.88
June 1.69 50.77 0.76 22.8 27.97 27.97
July 10.84 335.91 0.76 23.56 312.35 340.32
Aug 18.93 586.88 0.76 23.56 563.32 903.64
Sep 14.14 424.14 0.76 22.8 401.34 1304.99
Oct 3.00 92.94 0.76 23.56 69.38 1374.36
Nov 0.37 10.95 0.76 22.8 11.85 11.85
Dec 0.72 22.39 0.76 23.56 1.16 13.01
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Figure 12 Proposed dam site near existing Giri Headworks.
Figure 13 (a) Cost per MLD; (b) Augmentation cost.
Strategic planning for improvement of water supply 95Model output reveals that Giri water system can be con-
verted into a storage based scheme. The storage required on
Giri River U/S of existing headworks has been calculated
below in Table 4.Storage required for fulﬁlling
the water demand up to 203113.01 Cumec-day
1.12 MCMThe above table shows that there is water deﬁcit for 3 months in
a year i.e. duringMay, November andDecember. Small storage
dam type rainwater harvesting structure (10 m high) can be
built near the existing intake structure of Giri water supply
scheme, which is geologically a suitable location (narrow gorge)
with rocky formations (Fig. 12) and affording sufﬁcient storage
in the river course itself without causing negative hydrological
and environmental impacts. The reach of the river is mountain-
ous and sediment load is not a problem except during ﬂash
ﬂoods. With average width and depth of storage as 30 · 7.5 m
and length of 8 km (1.80 MCM), effective storage of 1.2
MCM can easily be afforded keeping 30% dead storage for sed-
iment load. This storage can meet with the additional water
demand especially in May, November and December up to2031. Keeping in view the small storage (1.2 · 103 km3) as pro-
posed in the dam suggested that the negative hydrological
impacts being insigniﬁcant can be ignored. There is no reservoir
in the watershed (both u/s and d/s of outlet) as such no reservoir
simulation is required in the present study. Proposing large stor-
age dam at this site to fulﬁll requirement beyond 2031, warrants
Socio-Economic and Environmental Impact Assessment (EIA)
studies besides techno-economical feasibility, which is a scope
for future research.
6. Source Augmentation
Inadequacy of water sources is the most signiﬁcant issue in the
present water system of Shimla city. Source augmentation is the
need of the hour, though a costly proposition. Additional
demand of Shimla city can be met from River Satluj or River
Pabbar, but it involves exorbitant cost. To meet with the
requirement of 2031 option of additional drawl from Giri
River at the existing pumping station can also be considered.
The cost comparisons after designing the entire transmission
system for different options on the basis of detailed analysis
of rates (2014) have been worked out as discussed below.
Option-I: It envisages gravitating additional water from
upper reach of River Pabbar at a distance of about
138.54 km from Shimla from Chander Nahan (Upper
96 S.K. Sharma et al.catchment of Pabbar River) having altitude of 4010 m and
above from mean sea level, costing exorbitantly $196.99 mil-
lion (2014 price level) for additional water of 51 MLD. Cost
per MLD is $3.86 million. To fulﬁll the requirement of 2031
(42.61 MLD) proportionate cost is $ 164.58 million.
Option-II: It envisages lifting additional water from River
Satluj (Kol Dam Reservoir) from proposed intake structures
at Sunni at a distance of 22 km from Shimla, involving a lift
of about 1600 m up to existing storage reservoirs at Ridge
and near State Museum. Project cost in this case is $ 63.75 mil-
lion (2014 price level) for additional water of 51 MLD. Cost
per MLD is $1.25 million. To fulﬁll the requirement of 2031
(42.61 MLD) proportionate cost is $ 53.08 million.
Option-III: It envisages remodeling existing Giri water sys-
tem built in 2008 into storage based scheme to fulﬁll the water
demand up to 2031. Capacity of the existing infrastructure like
water treatment plant, pumping machinery, pumping mains,
main storage etc. has to be enhanced. The project cost for aug-
mentation from Giri River has been worked out as $ 32.38 mil-
lion (2014 price level). Cost per MLD is $ 0.76 million. To
fulﬁll the requirement of 2031 (42.61 MLD) proportionate cost
is $ 32.36 million. Thus cost of augmentation is the least in the
case of Giri River as shown in Fig 13(a and b) to fulﬁll the
water demands up to 2031.
7. Conclusions
Present water supply scheme from Giri River, which is an inte-
gral part of the Shimla water system is a non-storage type
water supply scheme and has been designed only on the basis
of lean period stream ﬂow. Excess stream ﬂow available in the
monsoon period (July–Sep) is not being utilized. The study rec-
ommends for construction of rainwater harvesting structure
type small dam (10 m high) for lean period storage on Giri
River which will not cause any adverse hydrological and envi-
ronmental impacts. The additional water demand of Shimla
city up to 2031 is 42.61 MLD (0.49 m3/s) which can be fulﬁlled
by creating small storage on the Giri river equivalent to 1.12
MCM. The existing water system of Shimla city can be aug-
mented by drawing additional water from this storage dam
as a short term corrective measure. The existing infrastructure
of the Giri water system commissioned during 2008 can be
fully utilized resulting in minimum source augmentation cost,
in comparison with other options. Large storage dam on
Giri River to fulﬁll requirement beyond 2031, warrants
Socio-Economic and Environmental Impact Assessment
(EIA) studies besides techno-economical feasibility, which is
a scope for future research.
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